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AN ELECTRON MICROSCOPIC STUDY OF BLISTER FORMATION
IN ERYTHEMA MULTIFORME*
JAMES B. CAULFIELD, M.D. AND GEORGE F. WILGRAM, M.D.
The etiology of erythema multiforme (1, 2)
has been the subject of speculation for many
years. Bacteria, virus and immunologic mecha-
nisms have all been put forward (3, 4). The latter
is probably more generally accepted as the cause
at the present time. A number of drugs have been
implicated as have other agents (3, 4).
The histology of erythema multiforme is com-
plicated by the wide variation in severity and the
course of the disease. Since the lesions clinically
go through a cycle of formation, spread, central
healing and not infrequently reappearance in the
central healing zone, marked differences in the
histologic appearance in any given lesion are to
be expected (1).
The dermal changes seen with the light micro-
scope include dermal edema, perivascular lym-
phocytic infiltration and occasionally eosinophils
and neutrophils. In severe cases endothelial cell
changes extending to necrosis may be seen. Fi-
brinoid necrosis involving vessels and perivas-
cular connective tissue has been reported (5).
The bullae are of a subepidermal variety. In
the early stages of blister formation there is
minimal epidermal cell alteration while in later
stages the epidermal roof of the blister usually
shows signs of marked damage (1).
We have attempted to describe the lesions of
bullous erythema multiforme, both acute and
chronic, as seen with an electron microscope.
METHODS AND MATERIALS
Five patients with bull ous erythema multiforme
were investigated in this study. Two of the pa-
tients were middle-aged people with a definite
history of drug consumption prior to the onset of
bullae. One was a child, three years of age, with a
severe lethal bullous reaction to chioromycetin.
Biopsy specimens were obtained immediately be-
fore the administration of corticosteroids and
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after five days of intensive therapy. In two cases,
no history of a particular etiologic agent could be
elicited. One of these was a thirty-two year old
man with mild, chronic erythema multiforme while
the remaining case was a severe but chronic type
of bullous erythema multiforme in a sixty-five
year old patient.
Only small blisters, measuring not more than 2
to 3 mm. in diameter were taken for biopsy study.
As far as possible, only lesions of very recent origin
were used. In the first three cases the biopsy ma-
terial was removed by a manual punch under a
minimum amount of novocain anesthesia. In the
last two cases the blisters were removed by a
motor-driven rotary punch without local anes-
thesia. The punch biopsy specimens were imme-
diately fixed in osmium tetroxide, subjected to
dehydration by alcohol and embedded in n-butyl
methacrylate (6, 7).
RESULTS
The alterations in erythema multiforme, as the
name implies, showed considerable variations.
By limiting our examination to bullous lesions,
one facet of the clinical morphology was con-
stantly present. It was to be expected, however,
that the different clinical courses of our patients
would be reflected in variations of the histologic
appearance of the lesions. Thus no two of the
cases were exactly alike morphologically, but a
number of changes were consistently present in
variable degree. In order to have comparable
lesions the age and rate of progress of the disease
is important and this is not easily controlled. As a
result of these factors, some of the lesions showed
healing as well as progression of the disease.
Figure 1 illustrates a section of normal skin at
the dermal-epidermal junction. The collagen
fibers were densely arranged close to the base-
ment membrane. Fine, discrete filaments ex-
tended from the basement membrane down-
wards to the uppermost layer of collagen fibers
with which they connected. Adjacent to the
junction granules at the base of the basal cells
there was a modificaton of the basement mem-
brane. In a few areas (Fig. 1), basement mem-
brane material was in intimate contact with the
cell membrane, whereas there was usually a
a definite space of narrow width between the
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Abbreviations: B—Bulla; BM—Basement membrane; C—Collagen fibril; Cr—Chromatin; CP—Cell
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F—Fibrin; IS—Intracellular space; L—Lipid body; M—Mitochondrion; MG—Melanin granule; N—
Nucleus; NF—Nerve fiber; P—Proteinaceous debris; PP—Plasma protein; RBC—Red blood cell; T—
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Fio. 1. This is a section of normal skin at the dermal-epidermal junction. Numerous collagen fibrils
(C) provide the loose structure of the dermis. There is a concentration of collagen fibers immediately
below the basement membrane (BM) which is intact. Fine discrete filaments (arrows) extend from the
basement membrane downward and connect with the uppermost located collagen fibers. The slight varia-
tions in thickness of the basement membrane are due to tangential sections of the curving membrane.
The basement membrane is generally separated from the plasma membrane by a narrow space of rela-
tively constant width. However, in the regions of the basally located junction granules the basement
membrane frequently is in contact with those parts of the plasma membrane which participate in the
formation of the junction granule. Lateral desmosomes (D) of the basal cells are present. X 11,400
FIG. 2. This small venule in the superficial dermis demonstrates separation of the endothelial cells
(unlabelled arrow). This separation associated with the clear spaces between the two layers of the base-
ment membrane (BM) is usually associated with outward passage of fluid. Only a small portion of the
erythrocyte (RBC) is included in the picture accounting for the small size. Large numbers of small
vesicles (V) are present within the vascular cells. x 7,600
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cell membrane and the basement membrane.
The area of contact did not involve the entire
area of the junction granule.
In areas where blisters had begun to form, the
small veins of the dermis frequently showed the
changes associated with outward fluid passage
(Fig. 2) (8). There was separation of endothelial
cells. Clear spaces between the two layers of the
vascular basement membrane could be observed.
Large numbers of small vesieles were visible
within the vascular cells. The degree of altera-
tion from vessel to vessel and case to ease was
variable. Associated with the vascular changes
were different degrees of dermal edema reflected
in a distortion of the normal spatial relation-
ship of the collagen fibers (Fig. 3). In three of
the eases osmiophilic amorphous deposits of
proteinaeeous material were present. These
deposits were usually on and between collagen
fibrils and occasionally seemed to be on the sur-
face of cells (Fig. 3). In one fortuitous ease the
dense material was sufficiently well oriented to
see 220 A banding which is quite typical of fibrin
(9, 10). On the strength of this banding it is safe
to conclude that these deposits between and on
collagen fibrils contain some fibrin (Fig. 4).
There were two predominant varieties of in-
filtrating cells present. Lymphocytes were seen
routinely in all cases. These cells were no different
than those described in the circulating blood (11).
The second cell, as yet unidentified, was rather
large (Fig. 5). The cytoplasm contained a great
deal of rough surface endoplasmic reticulum.
The arrangement of this reticulum was similar
to that seen in a fibroblast and quite dissimilar
to that of a plasma cell. There was little smooth
surface endoplasmic reticulum. The nucleus
occupied a small portion of the cytoplasm and
was composed of evenly disposed nucleoplasm.
On several occasions these cells were seen passing
through the basement membrane. In view of the
lack of characteristic granules, these cells cannot
be neutrophils, eosinophils or basophils. The
amount of cytoplasm and its contents makes
it unlikely that these cells are lymphocytes or
monocytes. The size, nuclear configuration and
motility would indicate that they are the cells
termed histiocytes in hematoxylin and eosin
preparations. The presence of rough surface
endoplasmic reticulum which would confer a
degree of basophilia on staining with hematoxylin
is compatible with previously designated his-
tiocytes (12). Eosinophils were present in some
of the eases within the dermis and epidermis.
Neutrophils were not seen.
The basement membrane varied from block to
block within a given 3 mm. biopsy specimen.
At the base of a hullous region there gener-
ally existed some alteration of the basement
membrane and the most severe changes were
always associated with bullae. The membrane
was frequently thinned and occasionally absent
for short distances (Fig. 6). The fine, discrete
filaments connecting the basement membrane
to the dermis seemed to be decreased in number.
This thinning and disruption of the basement
membrane was generally associated with severe
dermal edema. Adjacent to bullae the basement
membrane was normal in some areas but ap-
peared thin in other regions. However, no dis-
continuities were noted in the presence of normal
epidermis.
In areas of healing, as indicated by the pres-
ence of basal cells in mitosis or by reepitheliali-
zation of the floor of the bullae, the basement
membrane frequently consisted of 3 or 4 layers
(Fig. 7). This change was particularly prominent
in the one case treated heavily with steroids.
The biopsy specimen taken prior to steroid ther-
apy showed a few areas of basement membrane
reduplication but not to the extent seen after
therapy. The layers of the basement membrane
seemed to form within a mesh work of filamen-
tous material present in large quantities in these
healing areas (Fig. 8).
The epidermal cells were as variably involved
as the other components of the lesions. In areas
immediately adjacent to the bullae the epidermis
frequently appeared normal, but sometimes
showed varying degrees of both intracellular and
intercellular edema. Fig. 9 demonstrates a small
focus of epidermal cells that are severely dam-
aged. Though the cells at either extreme of this
focal area of degeneration are normal, nothing
can be said about the presence of a bulla above
or below the plane of this section. However, the
lateral separation of these damaged cells was not
accompanied by aggregation of the tonofilaments
as is seen in other bullous conditions such as
pemphigus (13). The desmosomes at the base of
some of the basal cells (i.e., the junction granules)
had lost some structural components and thus
were not intact. They were frequently also re-
duced in number in a given area.
Fin. 3. Longitudinal sections of collagen with its characteristic banding are present in the center of
this picture. Throughout both the longitudinal and cross sectioned collagen (C) a finely fibrillar dense
material is present (PP). This represents a deposition of plasma proteins. A small segment of elastic
tissue (E) can be seen in the lower right corner. X 35,880
Fin. 4. Between two cell processes (CP) a segment of deeply staining cross banded material can be
seen. The periodicity is about 220 i which is characteristic of fibrin. This particular bit of plasma pro-
tein is sufficiently well oriented to see the banding, an uncommon occurrence in tissue section. It resem-
bles in most respects the deposits in and on the collagen seen in Fig. 3. X 41,400
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FIG. 5. This section at the dermal-epidermal junction toward the edge of a blister demonstrates a
large defect in the basement membrane probably associated with the passage of the large dermal cell(DC). This ameboid cell is not identified. The tonofilaments (T) of the epidermal cells are visible, but
much decreased in number. All of the desmosomes of the epidermal cells have disappeared. The dermis
(D) is very edematous and proteinaceous debris (P) is visible. X 9,680
Fio. 6. Near the edge of a bulla the basement membrane (BM) at the arrow is discontinuous. The
dermis is edematous. A remnant of a desmosome (D) is visible with a few adjacent tonofilaments. The
majority of desmosomes are absent. The intercellular spaces are widened producing spongiosis. Lipid
bodies (L) are occasionally present in normal basal cells, but their number and size are increased in this
picture. The fine filaments connecting the basement membrane to the dermis appear decreased in num-
ber. )< 10,560
311
•_tt.€?c.utr. •:. .' .:...;; •:;-.:. l. £
'rz,j$t? *'L .., '1
—-I-
--$ r--..p
..,.-.. -s...
TJ••. .tbeT
:Y4tI2.L.
FIG. 7. This basal cell in an area of regeneration is in prophase. The nucleus (N) contains clumped
chromatin (Cr). Reduplication of the basement membrane (BM) is clearly evident at the arrows. The
meshwork of fine amorphous material in the region of the basement membrane is increased. X 15,700
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FIG. 8. This section of the dermal-epidermal junction in a region of healing has been stained with
uranyl acetate to accentuate the fibrillar components. Banded collagen (C) connected to the basement
membrane by fine discrete filaments is visible at C. In contrast the fibrillar meshwork of the reduplicated
basement membrane is most prominent at the arrows. Very little of the basal cell (BC) is visible. Desmo-
somes though not present in this area of the cell, are visible elsewhere. X 30,800
FIG. 9. Large spaces (IS) within the epidermal cells as well as swollen mitochondria, loss of desmosomes
and tonofilaments indicate the presence of fairly severe cellular damage prior to the onset of bulla form-
ation. The extraeellular spaces are greatly enlarged, presumably due to fluid. The dermis is edematous.
A small nerve appears normal (NF). X 10,560
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FIG. 10. This area is taken from the roof of an early bulla. The cavity of the bulla (B) contains amor-
phous material presumably protein in nature. The epidermal cells are not entirely normal in this part of
the epidermal roof of the bulla. Melanin granules (MG), mitochondria and tonofilaments are of ordinary
appearance. The nucleus (N) is within the limits of normal. X 8,800
FIG. 11. This area from the base of a blister clearly shows that the basement membrane (BM) remains
with the dermis. There is a marked degree of collagen (C) separation associated with dermal edema.
Above the basement membrane debris that in some cases contains recognizable cellular constituents can
he seen. In this area there is no evidence of epidermal or dermal healing. X 11,880
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The epidermal cells at the roof of the bullae
occasionally showed remnants of junction gran-
ules. Here, too, the amount of intercellular and
intracellular edema varied (Fig. 10). An occa-
sional basal cell appeared to be partially torn
from the basement membrane. In such instances
recognizable cytoplasmic constituents remained
on the basement membrane while the major
portion of the cell adhered to that part of the
epidermis that formed the roof of the bullae.
Fig. 11 demonstrates clearly that the basement
membrane remains with the dermis and forms
the floor of the bulla.
DIScUSSION
The primary lesion of erythema multiforme
appears to involve the dermis. There are wide-
spread vascular changes with a great deal of
edema formation arid collagen alteration through-
out the dermis. The presence of banded fibrin
associated with osmiophilic amorphous material
indicates at least partial origin from intravascular
protein, but other plasma components may also
contribute to the formation of this material.
The alteration of collagen and admixture with
fibrin and plasma proteins is suggested as one
mechanism for the occurrence of so-called "fibri-
noid necrosis". In the subepidermal type of blister
formation, the basement membrane—whether
altered or not—stays with the dermis and forms
the floor of the bulla. The most severe lesions of
the basement membrane, including disconti-
nuities, occur in areas of most marked edema
formation at the base of the blisters. Thus it
appears that the the changes in the basement
membrane occur simultaneously with the dermal
lesions. However, the possibility that the lesions
of the basement membrane occur following the
dermal alterations cannot be definitely excluded.
Replacement of the epidermis at the floor of the
bulla begins before the basement membrane
undergoes reduplication and becomes layered in
appearance. Where a multilayered basement
membrane is present, there is always an epider-
mal covering of healthy-appearing cells. The
frequent lack of a complete complement of
junction granules as well as the presence of a
single thin layer of basal cells seems to indicate
that the epidermal cells covering the multilayered
basement membrane are regenerative. The origin
of the new components of the basement mem-
brane is not clear. It is suggested that the base-
ment membrane in the regions of multiple lay-
ering forms through condensation of the large
clusters of a filamentous meshwork. These
clusters of a filamentous meshwork have not been
seen in normal skin or in any other of the skin
diseases studied so far. Similarly, the redupli-
cated multilayered basement membrane has
not been seen previously. It is most probable
that as more skin lesions are studied a similar
mode of repair of the basement membrane will
be encountered.
Adjacent to the bullae, the epidermis is fre-
quently normal. Whenever there are epidermal
cell alterations in the absence of bullae, they
appear to be associated with more severe dermal
changes. The most severe epidermal cell changes
in nonbullous areas are seen in focal areas of
epidermal edema. These epidermal cell alterations
include intracellular edema, loss of junction
granules and dissolution of tonofilaments. The
initiation of bulla formation might occur either
concomitant with the dermal lesions, or it
might take place as a phenomenon secondary to
the dermal alterations. Since the early focal epi-
dermal lesions are associated with advanced
dermal lesions, one is led to assume that these
focal epidermal changes occur subsequent to the
damage in the dermis. While the exact time se-
quence of events is not yet clear, it was observed
that in areas of severe dermal injury focal epi-
dermal cell damage may occur prior to the onset
of local blister formation. It is speculated that
this focal damage in the epidermis may form the
nidus for the formation of the bullae whence
the enlargement of the blister might take place
by lateral extension of less severely damaged
epidermal cells. Lateral extension of the bullae
involves two methods of separation of epidermal
cells from the basement membrane. In some re-
gions the entire epidermal cell is lifted off the
basement membrane. In other areas the plasma
membrane and a small amount of cytoplasm
remain attached to the basement membrane in
which case the remainder of the cell is torn away
and lifted up in the formation of the roof of the
bulla. An occasional epidermal cell is free in the
blister, but the vast majority maintain lateral
coherence and an entire sheet of epidermal cells
form the roof of the bulla. Although we attempted
to select bullae of assumed recent origin, the
epidermal cells forming the roof of the blister
were not entirely normal. Besides the variable
intercellular and intracellular edema, an occa-
sional severely damaged cell was present in the
roof of the blisters studied.
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The mode of blister formation in erythema
multiforme is different from the mode of blister
formation in pemphigus vulgaris. In pemphigus,
the primary changes as seen with the electron
microscope are in the epidermal tonofilaments,
while in erythema multiforme the earliest lesions
are found in the dermis. These dermal changes
are more easily seen in an electron microscope
than in the light microscope. The collagen changes
have so far not been observed in any of the cases
of pemphigus which we have studied. Thus, the
absence of dermal changes in pemphigus and their
presence in bullous erythema multiforme offered
a distinct contrast in our series of cases.
SUMMARY
The primary lesion of erythema multiforme
appears to be in the dermis. As a result of an
unknown reaction dermal edema forms. Collagen
fibers and individual fibrils are swollen. This is
accompanied by deposition of plasma proteins on
and between the collagen fibers. Basement mem-
brane thinning and actual disruption is followed
by a healing phase involving reduplication and
layering of the membrane. Focal degeneration of
epidermal cells and bulla formation occur in re-
gions of severe dermal lesions. It is postulated
that the formation of blisters in erythema multi-
forme is a consequence of the dermal alterations
with subsequent loss of cohesion between the
basement membrane and damaged epidermal
cells.
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